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Vascular injury with hemorrhage and ischemia is a signifi-
cant cause of battlefield morbidity (i.e., amputation) and

mortality.1 Recent reports have demonstrated the rate of vas-
cular injury in modern combat to be five times that reported in
previous wars.2Y5 As a result of the volume of vascular trauma
incurred, management of these injury patterns is of special
importance. Indeed, approaches to vascular trauma (extremity
and torso) havewitnessed significant changes during the course
of the current wars of Iraq and Afghanistan.6,7 Therefore, an
appraisal of long-term functional outcomes is warranted.

Limb salvage after extremity vascular injury has evolved
through previous conflicts, benefiting from individual surgeons’
experiences, backed by epidemiologic studies with subsequent
technique development, application, and refinement.1Y3,6,7 As
the most common injury pattern in combat,8,9 extremity trauma
leads to significant morbidity in the years after wounding. Al-
though historical estimates reported early anatomic limb salvage
rates (i.e., limb present or not),1Y3,6,7 the burden of injury from
the Global War on Terror (GWOT) has led to a reappraisal of
management strategies, including an emphasis on improving
long-term functional outcome. Within civilian data systems,
long-term management of vascular trauma is consistently
plagued by a relative paucity of adequate follow-up, and the
military experience has largely been absent since reports from
Vietnam.8,9

A shift toward patient-based outcome studies after ex-
tremity injury was initiated in the civilian setting through the
Lower Extremity Assessment Project (LEAP).10 This study
identified no significant differences between those undergoing
limb salvage and amputees based on injury characteristics
or the presence of a limb. In contrast, analysis from LEAP

suggests that the factors most likely to influence functional
outcome are preinjury social characteristics, such as level of
education, income, and access to health care.

The Joint Theater Trauma System (JTTS) and associ-
ated Joint Theater Trauma Registry (JTTR) have afforded the
opportunity to maintain faithful, demographic, and clinical
records of the care provided to wounded warriors of the
current wars of Iraq and Afghanistan. This database has po-
tentiated the long-term follow-up of casualty care, making
patient-based studies substantially more feasible.

Despite the recognized significance of the LEAP and
similar studies that focus on functional outcomes after extremity
vascular injury, there is no coordinated national system. To un-
derstand the relationship between early management strategies
and limb outcome, a mechanism for patient-based assessment is
required. The objective of this article was to introduce a system
through which casualty-based outcomes can be ascertained fol-
lowing wartime extremity vascular injury, which in essence is to
move on from simple binary outcome data into quality metrics.

PATIENTS AND METHODS

Casualty Identification
The GWOT Vascular Injury Initiative (GWOT-VII) was

approved by the US Army Medical Research and Material
Command Institutional Review Board. Casualties are iden-
tified using the JTTR, which is one facet of the JTTS. The
JTTR and JTTS are held and maintained at the US Army
Institute of Surgical Research and Joint Battlefield Health
Institute at Fort Sam Houston, Texas, primarily as an instru-
ment for performance improvement. The JTTR includes de-
mographic and injury information on US troops acquired at all
levels of combat casualty care in GWOT, including those
injured in Operation Iraqi Freedom, Operation Enduring
Freedom, and Operation New Dawn. The initial JTTR search
criteria are detailed in Table 1. Data quality and continuity are
assured and maintained by specialist nurses who review
clinical documentation including multiple electronic charting
systems such as the Patient Administration Systems and
Biostatistics Activity database, the Theater Medical Data
Store, and the Armed Forces Health Longitudinal Technology
Application. Pertinent perioperative details are entered in the
GWOT-VII database (Table 2, Oracle). Within this cohort,
extremity vascular injuries are confirmed, and method of
management (primary amputation, ligation, repair, etc.) was
recorded. When discrepancies occur, the information is fed
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back to the JTTR, providing an additional layer of quality
assurance. The same specialist nurses conduct direct patient
contact and interviews; this further corroborates medical
details. Figure 1 describes the process of data acquisition.

Patient Interview
Patients enrolled into the GWOT-VII database undergo

contact information verification by the Defense Enrollment
Eligibility Reporting System. If Defense Enrollment Eligi-
bility Reporting System contact information is incorrect,
commercial search engines and online armed forces e-mail
account directories (e.g., Defense Knowledge Online) are
used. Contact is initially made via telephone. If unavailable or
unsuccessful, an e-mail is sent to the patient’s listed e-mail
address. If there is no response, repeated contact is attempted
after a waiting period of 60 days.

After contact by the Research Nurse Coordinator (RNC),
the subject is informed via a standardized script of both the
purpose of the study and the risks/benefits. Standardized
methods of informed consent (verbal/telephone or electronic)
are obtained, and the subjects are subsequently enrolled in
the study.

Once enrolled, the subject is counseled by the RNC on
the importance of adequate medical follow-up and is offered
the opportunity to receive a copy of their theater medical
records through medical release forms (DD Form 2870).
Standardized and validated surveys evaluating health-related
quality of life and limb are delivered to the subjects via
telephone, e-mail/Web link (Survey Monkey), paper copy or
in person depending on the subject’s preference. These in-
clude the Short Form 36 (SF-36), the Short Musculoskeletal
Function Assessment (SMFA), and an independent group
demographic questions specific to our study. A total of 99
questions are included in the questionnaires (36 from SF-36,
46 from SMFA, and 17 from the independent demographic
questions).

Definition of Amputation
For this system to function optimally, terms must be

specifically defined. Within this system, amputations are
defined as major transtibial, or above the ankle, in the lower
extremity and above the forearm in the upper extremity.
Secondary amputations are defined as amputations performed

during operations subsequent to an initial attempt at limb
salvage, including repair of extremity vascular injury. Sec-
ondary amputations are further defined as early (e30 days)
and late (930 days).

RESULTS

After the interim JTTR interrogation for vascular in-
juries (designated by either DRG International Classification
of DiseasesV9th Rev. or Abbreviated Injury Scale codes),
3,255 patients were identified. At interim analysis data lock

TABLE 1. Initial JTTR Search Criteria

JTTR Inclusion Criteria

Active duty injury

Injury sustained in battle (OIF/OEF/OND)

Vascular injury (AIS score, 2 6)

Vascular ICD-9

No concomitant head injury

March 2002 to August 2011

AIS, Abbreviated Injury Scale; ICD-9, DRG International Classification of Dis-
eases 9th Rev; OEF, Operation Enduring Freedom; OIF, Operation Iraqi Freedom;
OND, Operation New Dawn.

TABLE 2 . GWOT-VII Patient Information and Database Setup

Patient Information

Demographics

Name

Date of birth

Rank

Sex

Branch of service

Reason for noninclusion

Age (at injury)

Commission status

Injury data

Injury date

Injury mechanism

Amputation (1-)

Casualty operation

Associated injury

Injury cause

Coding (AIS score, ISS)

Vascular injury detail

Injury description

Repair

NPWD details

Prerepair

Associated injury

Complications

MESS

Ortho/nerve injury detail

Associated soft tissue

Repair

Associated bone injury

Complications

Associated nerve injury

Pretreatment/posttreatment

Anticoagulation

Transfusion requirements

Diagnostics

Initial vascular examination

Initial radiographic evaluation

Follow-up

Vascular examination

Radiographic evaluation

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score; MESS, Mangled Ex-
tremity Severity Score; NPWD, negative pressure wound dressing.
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(31 January 2012), 1,947 (60%) of 3,255 had been reviewed by
the RNC team. Of the charts reviewed, 820 (42%) of 1,947 had
confirmed extremity vascular injuries. Of these, 724 (87%) of
820 patients have had attempts at contact, with success in 395 of
820 (55%) and consent in 375 (95%) of 395. At interim analysis,
188 (50%) of 375 had completed all surveys.

The average number of phone contacts with consenting
subjects before survey completion was 2.1 (range, 1Y6). As
depicted in Figure 2, the most common form of survey
requested was via e-mail/Web link. Of the 245 who requested
e-mail/Web link, 138 (56%) have completed the survey.
Of those who requested telephone or in-person (28 and 1,
respectively) as a mode of survey, all had nearly 100%
completion rate. Currently, the mean time to follow-up is
62 months (range, 7Y116 months) from time of injury to
survey completion.

After contact, 20 (5%) have declined consent with the
most common reason given being that the subject was ‘‘not
interested.’’ Of note, all individuals who consented to the
survey portion of the study have also consented to future
contact (including additional surveys).

DISCUSSION

Joint Theater Trauma Registry
The JTTS and associated JTTR have proven instru-

mental in many epidemiologic and short-term outcomeYbased

studies in myriad patterns of injury including vascular, trau-
matic brain, urologic, and craniofacial injuries.11Y14 However,
this is the first system to take the next step and gather follow-
up, patient-based outcomes data through direct contact and
combine it with acute injury and management information.
The extended utility of the data system described here is to
provide long-term follow-up information on particular injury
patterns and their associated management regimens. Al-
though this description applies primarily to combat-related
injuries, it can also be extended to civilian trauma data reg-
istries (e.g., National Trauma DataBank).

Chart Review
The chart review process is a time and labor-intensive

process owing to the large cohort of patients sustaining vas-
cular injuries in our study population. Within the military
charting systems, combat-related patient medical records
contain information across all levels, or echelons of care, from
austere prehospital level 1 management to comprehensive
level 5 institutions. Medical information within these systems
(Patient Administration Systems and Biostatistics Activity,
Theater Medical Data Store, and Armed Forces Health Lon-
gitudinal Technology Application) is often concise or ab-
breviated. As a result, RNCs with deployment experience
prove invaluable when navigating the charts because they
have previous experience entering this information into these

Figure 1. Subject inclusion algorithm.
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same charting systems and understand associated nuances and
peculiarities. The JTTR interrogation identified 3,255 po-
tential subjects. After approximately 23 months, 60% of these
subjects’ charts had been reviewed, highlighting the time-
consuming nature of the process (each chart review will re-
quire approximately 2 man-hours). A team of at least 2 to 4
full-time research nurse coordinators is required for a study
of this magnitude.

GWOT-VII Database
The chart review from this search has resulted in the

creation of the GWOT-VII database.15 Like other traumatic
vascular databases, this repository of patient information from
combat-related vascular injuries has provided an opportunity
to characterize the epidemiology and management of partic-
ular vascular injuries (such as extremity vascular injuries)
sustained in a traumatic environment.9,10 Modeled and ex-
panded from the Vietnam Vascular Registry and the Balad
Vascular Registry, this database will continue to provide in-
formation for quality control and ultimately optimized care
for combat casualties.

Survey
In an endeavor to characterize the human experience

with chronic disease/states after injury, quality of both life and
limb requires critical evaluation. To meet these goals, the
SMFA and SF-36 were used.

The SF-36 allows a practical and adequate cross-
sectional evaluation with breadth to cover overall functional
status. Consisting of 36 multiple-choice questions, the results
are categorized into eight distinct scales meant to describe
a patient’s well-being. Four scales contribute to a Physical
Component Summary score and four scales contribute to a
Mental Component Summary score. The SF-36 was used in
preference to other quality of life questionnaires, such as the
Sickness Impact Profile and Nottingham Health Profile, be-

cause there is evidence from occlusive vascular disease
studied that the SF-36 is superior in assessing the psycho-
metric properties associated with intermittent claudication.
We consider the symptom profile likely to be experienced by
those with limb salvage to be more translatable to a chronic
process like intermittent claudication, rather than severity of
acute ischemia, for which the Nottingham Health Profile has
proven more discriminatory.16 Because SF-36 is based on a
mean for the general population, it is not clear how absolute
scores of young military personnel should be interpreted af-
ter injury. Steps to characterize the baseline SF-36 scores
of military personnel would be a worthwhile pursuit to im-
prove the validity of conclusions from this data and research
endeavors in other injury profiles.

The SMFA was adapted by Engelberg et al.17 from the
longer established Musculoskeletal Function Assessment.
Consisting of 46 multiple-choice questions, this questionnaire
seeks to detail patient-based outcomes with particular em-
phasis on extremity pathology and injury. Similar to the SF-36,
the SMFA consists of two descriptive scores. The bother index
consists of 12 items that assess the degree to which a patient
is mentally bothered in recreation, leisure, sleep and rest,
work, and family. The dysfunction index assesses the patient’s
perception of physical impairment in four categories: daily
activities, emotional status, limb function, and mobility.1Y3,6Y8

Although published data currently focus primarily on mus-
culoskeletal disorders, injuries, and postsurgical states, there is
clear translatable value to combat-related extremity vascular
injuries as well.17Y21

Limiting bias from nonresponse is often the crux of long-
term outcomeYbased data when surveys are required. Based on
previous literature, this study uses a mixed method based pri-
marily on respondent preference.22Y24 There was a higher re-
sponse rate from the Web-based survey compared with the
telephone or conventional mail methods, which has also been
demonstrated in other studies.25 In contrast to many other
studies, however, successful contact, consent after contact, and

Figure 2. Method of survey completion.
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completion after consent rates were acceptable (56%, 98%,
60%, respectively) given the length of follow-up (mean,
62 months). This is particularly pronounced when compared
with other trauma-related quality-of-life outcomes studies,
where adequate response rates are often limited to shorter
follow-up or smaller prospective cohorts.26Y28 This may be
attributable to multiple different arms including the availability
of trauma-related data from the JTTR, the reliability of De-
partment of Defense demographics and contact information, as
well as the unique familiarity from a team of research nurse
coordinators with wartime deployment experience.

There are, however, limitations to this research system.
Foremost, the inability to locate, contact, and survey a sig-
nificant portion of patients with this injury pattern introduces
an inherent selection bias. Specifically, lack of outcomes
data (either from nonresponse or noncontact) from a number
of patients identified from the JTTR query exposes this
methodology to a potential hidden burden of morbidity and
mortality. This limitation underscores the importance of
an interim reappraisal of this methodology, allowing for
improvements such as the exploration of additional databases
(i.e., Veterans Administration). Another limitation of this
research system relates to the use of available survey tools
(such as the SMFA and SF-36), which may have limitations
when applied to severe combat injuries. Despite these draw-
backs, this research system provides a novel foundation for
linking injury and its associated management to long-term
patient-based outcomes.15

CONCLUSION

This study provides a description of methods to provide
outcomes data on an injury pattern that has historically been
subject to follow-up constraints. The impact of limb salvage
should no longer be measured simply in the presence or ab-
sence of a limb; rather, it should take into account the impact
that the presence of the extremity has on a casualty’s life.
Nevertheless, although vascular injuries and subsequent
outcomes are of critical concern to the combat-wounded pa-
tient populations, additional patterns of injury, such as trau-
matic brain injury and acute lung injury, can be tracked in a
similar manner with obvious implications on health care. This
novel approach to characterize patient-based outcome mea-
sures of functional recovery will provide an insight into the
complexities of limb salvage after limb-threatening battle-
field vascular injuries. It is hoped that the results of our study
will be used to guide individual clinicians, research groups,
hospital administrators, and politicians on requirements, re-
source allocation, and training.

AUTHORSHIP

T.E.R., R.A.I and A.S. conceived and designed this study. A.S., D.J.S.
and T.E.R. performed the literature review for the project. A.S., D.J.S.,
R.A.I., D.L.M., A.C.P and C.A.P. performed the data collection, analysis
and organization. A.S., D.J.S., R.A.I. and D.L.M. provided the original
drafts of the manuscript, tables and figures with final review and editing
performed by S.M.G., L.L.F, D.J.S. and T.E.R.

DISCLOSURE

The authors declare no conflicts of interest.

REFERENCES
1. Kelly JF, RitenourAE,McLaughlinDF, BaggKA, ApodacaAN,MallakCT,

Pearse L, Lawnick MM, Champion HR, Wade CE, et al. Injury severity and
causes of death from Operation Iraqi Freedom and Operation Enduring
Freedom: 2003 2004 versus 2006. J Trauma. 2008;64(Suppl 2):S21 S26;
discussion S26 S27.

2. White JM, Stannard A, Burkhardt GE, Eastridge BJ, Blackbourne LH,
Rasmussen TE. The epidemiology of vascular injury in the wars in
Iraq and Afghanistan. Ann Surg. 2011;253:1184 1189.

3. Stannard A, Brown K, Benson C, Clasper J, Midwinter M, Tai NR.
Outcome after vascular trauma in a deployed military trauma system.
Br J Surg. 2011;98:228 234.

4. Clouse WD, Rasmussen TE, Peck MA, Eliason JL, Cox MW, Bowser AN,
Jenkins DH, Smith DL, Rich NM. In-theater management of vascular
injury: 2 years of the Balad Vascular Registry. J Am Coll Surg. 2007;
204:625 632.

5. Woodward EB, Clouse WD, Eliason JL, Peck MA, Bowser AN, Cox MW,
Jones WT, Rasmussen TE. Penetrating femoropopliteal injury during
modern warfare: experience of the Balad Vascular Registry. J Vasc Surg.
2008;47:1259 1264; discussion 1264 1265.

6. Rasmussen TE, ClouseWD, PeckMA, Bowser AN, Eliason JL, CoxMW,
Woodward EB, JonesWT, Jenkins DH.Development and implementation
of endovascular capabilities in wartime. J Trauma. 2008;64:1169 1176;
discussion 1176.

7. Kragh JF Jr, Walters TJ, Baer DG, Fox CJ, Wade CE, Salinas J, Holcomb
JB. Practical use of emergency tourniquets to stop bleeding in major limb
trauma. J Trauma. 2008;64(Suppl 2):S38 S49; discussion S49 S50.

8. Rich NM, Hughes CW. Vietnam vascular registry: a preliminary report.
Surgery. 1969;65:218 226.

9. Rich NM, Baugh JH, Hughes CW. Acute arterial injuries in Vietnam:
1,000 cases. J Trauma. 1970;10:359 369.

10. LEAP Program (Lower Extremity Amputation Prevention). Med Health
R I. 1998;81:359 360.

11. DuBose JJ, Barmparas G, Inaba K, Stein DM, Scalea T, Cancio LC, Cole J,
Eastridge B, Blackbourne L. Isolated severe traumatic brain injuries
sustained during combat operations: demographics, mortality outcomes, and
lessons to be learned from contrasts to civilian counterparts. J Trauma.
2011;70:11 16; discussion 16 18.

12. Gifford SM, Aidinian G, Clouse WD, Fox CJ, Porras CA, Jones WT,
Zarzabal LA, Michalek JE, Propper BW, Burkhardt GE, et al. Effect
of temporary shunting on extremity vascular injury: an outcome analysis
from the Global War on Terror vascular injury initiative. J Vasc Surg.
2009;50:549 555; discussion 555 556.

13. Serkin FB, Soderdahl DW, Hernandez J, Patterson M, Blackbourne L,
Wade CE. Combat urologic trauma in US military overseas contingency
operations. J Trauma. 2010;69(Suppl 1):S175 S178.

14. LewTA,Walker JA,Wenke JC,Blackbourne LH,Hale RG. Characterization
of craniomaxillofacial battle injuries sustained by United States service
members in the current conflicts of Iraq and Afghanistan. J Oral
Maxillofac Surg. 2010;68:3 7.

15. Scott DJ, Stannard A, Arthurs ZM, MD, Miller DL, Monroe HM, Ames-
Chase AC, Clouse WD, Rasmussen TE. Patient-based quality of life
outcomes following wartime extremity vascular injury: an interim
analysis of the GWOT Vascular Injury Initiative, Plenary Presentation
June 2012, PVSS, National Harbor, MD.

16. Wann-Hansson C, Hallberg IR, Risberg B, Klevsgard R. A comparison of
the Nottingham Health Profile and Short Form 36 Health Survey in
patients with chronic lower limb ischaemia in a longitudinal perspective.
Health Qual Life Outcomes. 2004;2:9.

17. Engelberg R, Martin DP, Agel J, Obremsky W, Coronado G,
Swiontkowski MF. Musculoskeletal Function Assessment instrument:
criterion and construct validity. J Orthop Res. 1996;14:182 192.

18. Obremskey WT, Brown O, Driver R, Dirschl DR. Comparison of SF-36
and Short Musculoskeletal Functional Assessment in recovery from
fixation of unstable ankle fractures. Orthopedics. 2007;30:145 151.

J Trauma Acute Care Surg
Volume 73, Number 2, Supplement 1 Stannard et al.

* 2012 Lippincott Williams & Wilkins S11

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



19. McHorney CA, Tarlov AR. Individual-patient monitoring in clinical
practice: are available health status surveys adequate? Qual Life Res.
1995;4:293 307.

20. Martin DP, Engelberg R, Agel J, Snapp D, Swiontkowski MF.
Development of a musculoskeletal extremity health status instrument:
the Musculoskeletal Function Assessment instrument. J Orthop Res.
1996;14:173 181.

21. Egol KA, Tejwani NC, Walsh MG, Capla EL, Koval KJ. Predictors of
short-term functional outcome following ankle fracture surgery. J
Bone Joint Surg Am. 2006;88:974 979.

22. Hing CB, Smith TO, Hooper L, Song F, Donell ST. A review of how to
conduct a surgical survey using a questionnaire.Knee. 2011;18:209 213.

23. Bowling A. Mode of questionnaire administration can have serious
effects on data quality. J Public Health (Oxf ). 2005;27:281 291.

24. VanGeest JB, Johnson TP, Welch VL. Methodologies for improving
response rates in surveys of physicians: a systematic review. Eval
Health Prof. 2007;30:303 321.

25. Derby DC, Haan A, Wood K. Data quality assurance: an analysis of
patient non-response. Int J Health Care Qual Assur. 2011;24:198 210.

26. Holtslag HR, Post MW, Lindeman E, Van der Werken C. Long-term
functional health status of severely injured patients. Injury. 2007;38:
280 289.

27. Livingston DH, Tripp T, Biggs C, Lavery RF. A fate worse than death?
Long-term outcome of trauma patients admitted to the surgical intensive
care unit. J Trauma. 2009;67:341 348; discussion 348 349.

28. Ringburg AN, Polinder S, van lerland MC, Steyerberg EW, van Lieshout
EM, Patka P, van Beeck EF, Schipper IB. Prevalence and prognostic factors
of disability after major trauma. J Trauma. 2011;70:916 922.

J Trauma Acute Care Surg
Volume 73, Number 2, Supplement 1Stannard et al.

S12 * 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


